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metabolomics combined with biological target network analysis

CHEN Xiao-yi', CHENG Fan', YAN Dong-lan’, HUANG Sheng’, TIAN Jun-sheng'

(1. Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China;
2. Jiuzhitang Co., Ltd., Changsha 410205, China)

Abstract: To explore the mechanism of Lvjiaobuxue Granule (LBG) in improving postpartum Qi and blood
deficiency in rats through milk metabolomics combined with biological target network analysis, the model of
postpartum Qi and blood deficiency in rats was established by "orbital bloodletting combined with exhaustive
swimming under negative gravity". The behavioral indexes, blood routine parameters, immune organ index and
changes of immunoglobulin G (IgG) in milk of rats were detected to evaluate the improvement effect of LBG on
postpartum Qi and blood deficiency in rats. LC-MS milk metabolomics was applied to find the differential
metabolites in the milk of rats with postpartum Qi and blood deficiency model regulated by LBG. Combined with
biological target network analysis, the material basis of the efficacy, action targets and signaling pathways of LBG
in improving postpartum Qi and blood deficiency were predicted, and molecular docking was used for verification.
The animal experiments in this study were conducted in compliance with the regulations of the Scientific Research
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Ethics Committee of Shanxi University and approved by the Animal Experimentation Ethics Review (approval
No.: SXULL2023022). LBG significantly improved the abnormal behavior, decreased blood routine parameters,
immune organ damage and decreased IgG in milk of rats with postpartum Qi and blood deficiency model (P <
0.05, P < 0.01). Twenty endogenous metabolites were found to be differential in milk, serving as potential
biomarkers for LBG to improve postpartum Qi and blood deficiency in rats, and these metabolites mainly included
amino acids, fatty acids and nucleotides, etc. Biological target network analysis showed that its potential
mechanism might be related to the signaling pathway of steroid hormone biosynthesis. The key components in
LBG, luteolin, caffeic acid and ferulic acid, might respectively regulate the core targets of CYP19A1, CYPI1AI,
CYP1A2 and CYP3A4, affect the changes of linoleic acid endogenous metabolites in milk, and regulate the
biosynthesis of steroid hormones to play its role in improving postpartum Qi and blood deficiency. In addition, the
results of molecular docking showed that the three key components in LBG had significant binding effects with
their core targets. LBG may affect the linoleic acid level in milk by regulating CYP19A1, CYP1A1l, CYP1A2 and
CYP3A4 with luteolin, ferulic acid and caffeic acid respectively, and then regulate the signaling pathway of steroid
hormone biosynthesis to improve postpartum Qi and blood deficiency in rats.
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Figure 1 Evaluation results of various indicators of the rat model
with Qi and blood deficiency after parturition. A: Behavioral
indicators; B: Blood routine indicators. C group: Postpartum
control group; M group: Postpartum Qi and blood deficiency
model group. n =10, x £5. "P < 0.05, "P < 0.01 vs C group. PT:
Pole test; RBC: Red blood cell; WBC: White blood cell; HGB:
Hemoglobin; HCT: Hematocrit
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Figure 2 Effects of Lvjiaobuxue Granule (LBG) in improving Qi and blood deficiency of postpartum rats. A: Behavioral indicators; B:
Blood routine indicators; C: Organ index and immune factor IgG. n = 10, x + 5. P <0.05,"P<0.01vsC group; “P<0.05,%P<0.0l vs M
group. LBGL: Low-dose group of LBG (0.84 g-kg"); LBGM: Medium-dose group of LBG (1.68 g-kg"); LBGH: High-dose group of LBG
(3.36 g-kg™"); DBP: Dangguibuxue pill group (1.89 g-kg™)
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Figure 3 Multivariate data analysis from metabolomics of the C group, M group, LBGM group and DBP group. A: The OPLS-DA score

spots of all groups; B: Prediction of statistical analysis model; C: The OPLS-DA score spots of C and M; D: Differential metabolite S-plot map
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Figure 5 Correlation network and heatmap analysis between differential metabolites and pharmacodynamic indicators
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Figure 6 KEGG pathway analysis of the action targets of LBG
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Figure 7 Visualizations of the combination of important active components and targets in LBG. A: Luteolin and ACHE; B: Catalpol and
ADA; C: Luteolin and ALOXS5; D: Ferulic acid and CYP1A1; E: Caffeic acid and CYP1A2; F: Caffeic acid and CYP2C9; G: Astragaloside
IT and CYP2D6; H: Caffeic acid and CYP3A4; I: Luteolin and CYP19A1; J: Atractylenolide Il and FADS1. ACHE: Acetylcholinesterase;
ADA: Adenosine deaminase; ALOXS: Arachidonate 5-lipoxygenase; CYP: Cytochrome P450; FADS1: Fatty acid desaturase 1
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